The high aspect ratio of nanoscale reinforcements enhances the tensile properties of a pure polymer matrix. Researchers have reported the morphology and tensile properties of thermoplastic polyurethane and halloysite nanotube (TPU-HNTs) nanocomposites, formed through compression moulding processes. Few researchers have reported on TPU-HNTs formed through injection moulding. Therefore, the present work investigates the tensile properties of TPU and HNT nanocomposites via injection moulding. TPU and HNTs were mixed using a brabender mixer with concentrations ranging from 1wt.% to 15wt.% and varying mixing parameters (i.e., mixing speed, mixing time, and mixing temperature). Tensile bars were injection moulded by varying the moulding parameters (i.e., injection temperature, injection time, and injection pressure). A significant increment of tensile strength was found at 1wt.% HNT reinforcement. TPU-HNT nanocomposite with 1wt.% reinforcement exhibited tensile strength of 24.3 MPa, which was higher than that of pure TPU. The Young's modulus of the TPU-15wt.% HNT nanocomposite was 21.5 MPa. Thus, TPU-HNT had improved mechanical properties, compared to pure TPU, due to the addition of a nanofiller.
INTRODUCTION
Thermoplastic Polyurethanes (TPUs) are linear segmented co polymers that are composed of hard and soft segments separated at a micro-phase. The investigation of the microstructure development under an applied load is complicated [1] . Conventional TPUs are among biomaterials not intended to degrade, but are susceptible to hydrolytic, oxidative and enzymatic degradation in vivo [2] . TPUs are extremely versatile materials that can display properties ranging from being very soft thermoplastic elastomers to being strong, rigid thermoplastics, depending on their chemical compositions, backbone structures and resultant microphase morphologies [3] . TPU is one of the most attractive engineering thermoplastics with elastomeric properties [4] . In addition, TPU is a unique polymeric material with special physical-chemical properties [5] . Besides that, TPU is used in products in the group of engineering thermoplasticswith elastomeric properties [6] . TPU may also be subjected to different environmental conditions that affect its mechanical properties [7] . In particular, the TPUs, which are generally described as "bridging the gap between rubber and plastics", impart high elasticity combined with high abrasion resistance. That is why TPU is widely used in industry and consumer products [8] . Thermoplastic elastomers (TPEs) exhibit functional properties of conventional vulcanized rubber, yet can be processed on thermoplastic fabrication equipment. Such materials can be produced either as block copolymers or as blends [9] . Polyurethane (PU) foam is a versatile engineering material with a wide range of applications because of its properties, and can be readily tailored by the type and composition of its component [10] . Over recent decades, many polymer composites have been prepared and combined with various types of synthetic reinforcing fillers, in order to improve their mechanical properties and obtain those characteristics demanded by actual applications [11] .
Halloysite nanotubes (HNTs), which are mined from natural deposits, are a naturally occurring aluminosilicate [Al2Si2O5(OH) 4 .2H2O] that have a predominantly hollow tubular structure [12] . HNTs have recently gained considerable attention as a new type of nano-additive for enhancing the mechanical [13] [14] [15] , thermal, crystallization [16, 17] , and fire performance of thermoplastic polymers, such as polypropylene and polyamide-6 [18] , and thermosets, such as epoxy [19] . In recent years, the assembly of ordered metal nanoparticleson one-dimensional nanotubes to synthesize nanocomposites has attracted a great deal of attention in the field of electroanalytical chemistry; particularly in electrochemical sensors [20] . Polymerhalloysite composites are propective materials used for medical implants, such as for bone repair [21, 22] . Large-scale production causes the nanotubes to be easily entangled, making it difficult to disperse them in polymer matrix. As such, chemical functionalization, in situ polymerization, and enhanced polymer blending have been performed to address this dispersion issue [23] . On the other hand, Agglomeration of particles will take place if the reaction rate is too slow. Moreover, the choice of the surfactant is critical since it determines the stability, solubility, reactivity, dispersibility and even the size and shape of the nanotubes during the synthesis [24] . The unique crystal form of HNTs and the surface is characterized by hydroxyl with a lower level of density that permits smooth diffusion in a polymer matrix compared to other nanoclays. More importantly, the unique crystal structure of HNTs not only resembles that of CNTs in terms of aspect ratio, but also has a highly ordered structure with aluminol groups bound in the inner surface and silanol groups on the external surface [25] . Ning et al. observed little improvement of tensile and impact strength of PP (Polypropylene)/HNT composites of injection molded bars by adding even 10 wt% of HNTs, and this could be mainly due to the constant crystallinity and unchanged spherulite size of PP as well as the small length/diameter ratio of HNTs [26] .
The main goal of this research is to study the effects of the distribution and dispersion of HNT in TPU prepared by extrusion and injection moulding. Extrusion and injection moulding have been applied within the bio-medical industry. In this paper, the intention is to eliminate the use of HNT content and the homogeneity of dispersion. The proportion of HNT is increased in the TPU matrix and it is shown that the tensile properties are enhanced as a result.
EXPERIMENTAL DETAILS Materials
Thermoplastic polyurethane (TPU) was supplied by Global Innovations-Polycarbonates Bayer Material Science AG, D-51368 Leverkusen. Halloysite nanotubes (HNTs) were supplied by Natural Nano, Inc., 832 Emerson Street Rochester, New York 14613. Table  1 and Table 2 show the chemical compositions and physical properties of HNTs respectively. All the materials used are in their original form, without any further purification. Characterization of HNTs TEM images of Neat HNT are shown in Figure 1 (a). The Neat HNT present predominate HNT, among which exhibit some alumite plates [27] . 
Preparation of TPU-HNTs Nanocomposites
TPU and HNT were dried in a vacuum oven at a temperature of 70 ºC for 14 h. TPU and HNT were homogenized using Brabender Machine. The following Figure 3 
Testing Equipment
Morphologies of the blend samples were investigated using Field Emission Scanning Electron Microscopy (FESEM) ZEISS SUPRA 55-VP. Equipped OXFORD EDS and Mapping. Tensile tests were determined using an Instron universal testing machine (INSTRON 5567), with a 200 Newton load transducer, according to the ASTM D-638 type V method standard. The crosshead speed was 50 mm/min and all tests were performed at room temperature. Five measurements were carried out for each data point. Figure 5 shows the FESEM microphotograph morphologies of the TPU-HNT nanocomposites, to observe the dispersion and distribution of the nanotubes and their physical interactions with the TPU matrix. The HNT dispersion in the TPU matrix, clearly observed from the FESEM images with low magnification, shows that the nanotubes are homogeneously dispersed throughout the TPU matrix as shown in Figure  5 (b). No indication of porosity and voids were observed due to the appearance of strong interfacial bonding between the nanotubes and the TPU matrix [28] . It is also observed from the micrographs that plastic deformation is prominent in the nanocomposites with higher HNT content, because of the strong reinforcing effects of the HNT nanophase and a large percentage of the amorphous region in the TPU matrix [28] . The Polyurethane (PU) used in this study is a type of thermoplastic. The HNT particles are distributed and dispersed in the TPU matrix. Hence, the small particles that are protruding on the surface of TPU matrix could be assigned to HNTs. It is believed that the small particles present on the TPU-HNT sample correspond to the HNT particles. EDX analysis results are shown in Figure 6 (a) -(e). Figure 6 (a) Neat TPU, (b) TPU-1wt.% HNT, (c) TPU-7wt.% HNT,(d) TPU-15wt.% HNT, and (e) Neat HNT show, because it was observed that there were four elements, namely C, O, Al and Si. The carbon and oxygen are caused by the polymer chain used as the backbone of the composites. In this study, C and O contribute to the major proportions that represent the TPU matrix, while the O, Al, and Sielements represent the components of HNT. Barrientos-Ramirez et al. [29] suggested that the addition of nano-sized particle additives will improve intercalation. They observed through FESEM micrographs that HNT particles were separated into much smaller stacks and dispersed homogenously throughout the TPU matrix when HNT particles were added. Therefore, the wettability and intercalation capability of nanocomposites increases by adding a small proportion of HNT particles. Figure 7 shows that the tensile stress values were 24.3 MPa, 6.2 Mpa, and 4.8 MPa; which correspond to 1wt.%, 7wt.%, and 15wt.% HNT loadings, respectively, added to the TPU. Conclusively, of all compositions, TPU-1wt.% HNT yielded the highest tensile stress value (i.e., 24.3 MPa) while the lowest value measured (i.e., 4.8 MPa) was TPU-15wt.% HNT. At TPU-1wt.% HNT loading, the nanocomposites had better interaction between the matrix and the HNT reinforcement surface. Because of the good dispersion of HNT in TPU and good interaction between the layered silicate of HNT and the TPU chains as mentioned before [30] . This leads to improved bond stress, which results in the highest tensile stress. At higher loading (e.g., above TPU-7wt.% HNT), the tensile stress decrease may be attributed to the agglomeration of the HNT nanotubes, which resulted in poor interaction between the matrix and the HNT surface [31] . Figure 7 . Tensile stress of the TPU-HNT nanocomposites.
RESULTS AND DISCUSSION

Morphology Characterization
Tensile Properties
From Figure 8 , it can be observed that the Neat TPU showed the highest elongation at break value of 353.74 mm (from 0wt.% HNT loading). It can also be observed from Figure 8 that elongation at break values decrease with increased loading of HNT. For TPU-1wt.% HNT the value is 320.02 mm, which means that the value of stiffness showed the smallest stiffness among the others, which decreased the elongation at break when the wt.% HNT loading increased at other values of TPU-HNT. This decreasing trend continues with the increase of nanofiller loading, where the value reaches 91.7 mm at 15wt.% HNT loading. The monotonic decrease of elongation at break with the increase of HNT loading means the value of stiffness increases with the increase of HNT loding. Neat TPU showed the lowest stiffness value of all that decreased the elongation at break, when the wt.% HNT loading increased at other values of TPU-HNT. Finally, the highest stiffness value of all samples recorded was at an elongation at break value of 91.7 mm for the TPU-15wt.% HNT sample. From Figure 9 , the maximum load value of 408.4 N was observed for TPU1wt.% HNT. Meanwhile, 7wt.% HNT loading shows the lowest maximum load value result of 100.9 N. The maximum load value decreased with the increase of HNT loading to 70.7 N, which corresponds to 15wt.% HNT. TPU-1wt.% HNT gave the highest value of 408.4 N, and TPU-15wt.% HNT gave the lowest value of 70.7 N due to the smallest stiffness among the others. Figure 9 . Maximum load of the TPU-HNT nanocomposites. Figure 10 shows that the TPU-15wt.% HNT composite had the highest Young's modulus value (i.e., 21.5 MPa), thus showing an increased Young's modulus (from 0wt.% to 15wt.% of HNT loading). TPU-HNT had the highest stiffness value at 15wt.% HNT loading. This increase in modulus may have been due to the stiffness factor, where the nanosized HNT fillers were bonded to the TPU; thus, the mobility of the molecule was arrested. For this reason, the flexibility was reduced, and the stiffness was increased. 
CONCLUSIONS
TPU-HNT nanocomposites of high modulus and strength were prepared. The nanocomposites exhibited improved properties when combined with nanoparticles in the matrix. These nanocomposites, with filler loading, provide traditional composite properties with all of the advantages of nanocomposites. The HNT have a high aspect ratio that is crosslinked with TPU that facilitates stress transfer from the matrix. Therefore, the matrix is less ductile than a thermoplastic via the physical cross links, but with the continued ability to be thermoformed into various shapes. TPU-HNT nanocomposites, with the enhanced properties of TPU, were achieved with HNT loadings, ranging from 1wt.% to 15wt.%. Further work should be embarked upon in order to recognize the various properties of TPU-HNTs nanocomposites. In order to achieve these targets, some recommendations are outlined such as a study on other mechanical properties such as fatigue life, in order to evaluate the viability of the nanocomposite. Other thermal analysis techniques, such as Differential scanning calorimeter (DSC) to enhance the data accuracy and reliability when studying the thermal properties of nanocomposites, are recommended.
